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DISCUSSION ON PENICILLIN IN THE TREATMENT OF DISEASE IN CHILDHOOD
Mr. Ian Aird [Abridged]: When a new remedy becomes available, we must by patient and detached observation avoid the almost inevitable early over-optimism, and the equally inevitable reaction of disappointment which follows it. In introducing penicillin in the treatment of children, it is our responsibility (1) to ensure that, in all the cases we assess, the clinical diagnosis is accurate and supported by bacteriological evidence not only of the organism responsible, but also of its sensitivity to penicillin; (2) to satisfy ourselves that the best available method of administration, dose and duration of treatment is employed for each particular age-period and each particular disease; (3) to supplement penicillin administration with such ancillary therapeutic measures as may from time to time be found necessary, but to remember that variations in these may be responsible for variations in the effectiveness of penicillin. It is further our duty, and in the case of penicillin it has been a oleasant duty, to assess the benefit which penicillin confers by whatever standards of measurement we find available or can contrive the fatality rate, the duration of individual symp}toms and signs, the period during which organisms survive in the tissues of the patient'is body, the date of recovery of function and the degree of function recovered, and the liability to relapse-comparing these data with our knowledge of the behaviour of the disease when treated by older methods. Finally, we have an opportunity of establishing the pathological course which is followed by a disease modified by penicillin therapy. I shall follow this scheme of clinical trial closely in the description of our experienceis with penicillin in the treatment of acute osteomyelitis, which we have specially studied. My conclusions are based particularly on fourteen children suffering from this condition who have been treated in my own charge during the last year, but they are supported by the observationsmade by Dr. I. W. J. McAdam, and shortly to be published, on twenty-eight older patients of whom I have direct or indirect knowledge.
(a) Diagnosis.-For the precise diagnosis of acute osteomyelitis we have introduced routine marrow puncture. In obvious or suspected osteomyelitis, under local or general anzesthesia, a sternal puncture needle is introduced into the marrow, close to the primary seat of the infection, in the metaphysis of the infected bone. This procedure is particularly simple when, as iri the tibia, the metaphysis presents a subcutaneous surface. The needle, with stilet in place, is made to pierce the skin and the firm cortex (often softened by inflammation) until resistance ceases and the point lies in the unresisting medulla. Even such a deeply buried metaphysis as that of the neck of the femur offers no difficulty; the needle is introduced just below the trochanter, along the line of the neck as determined from the straight X-ray; in the child, the anterior aspect of the rim of the head can be palpated from the femoral triangle, and the palpating fingers over it are a guide for the depth of the plane in which the needle lies; the procedure is infinitely simpler than the introduction of a guide wire into the fractured neck of an old lady's femur, and thc intracervical situation of the point can always be verified by stereoscopic plates.
Marrow puncture has been ptrformed in all the patients of my series, so that cases of bone pains which, subsiding spontaneously even in the days before penicillin, were sometimes rather loosely labelled mild osteomyelitis, are not included in our assessment. Puncture has always provided either a sanguineous fluid with flakes of pus floating in it, or a frankly purulent exudate under considerable tension. In every case Staphylococcus aureus has been grown from the fluid obtained.
We have found these benefits in marrow puncture: (1) accuracy is obtained in bacteriological diagnosis even if blood culture is negative; (2) the penicillin sensitivity of the organism can be determined, and a precise prognosis furnished; (3) tension is relieved near the centre of infection; (4) an additional route (local intramedullarv) for penicillin administration is available should it be desired; and (5) if the needle is left in place and repeated specimens of pus are aspirated, the time of clearance of organisms from the bone-marrow, and the required duration of penicillin administration can be precisely determined in every case.
Aspiration of marrow for diagnosis and control of treatment in osteomyelitis is analogous
to the urethral smear in urethritis.
(b) Methods of administration.-The repeated injection of penicillin we abandoned because of the increasing horror with which the children awaited each succeeding injection. While we had general satisfaction thereafter from the continuous intramuscular method of penicillin administration, we were impelled by reasons which have little importance now to seek an alternative route, and we decided to test the direct continuous intramedullary instillation of penicillin by way of the marrow needle, from the Eudrip 3 apparatus of Duguid and McAdam. This method has been employed in twelve cases of infection of the long bones. By it, penicillin can be introduced painlessly over a period of three weeks or longer without intermission, without change of needle or change 30 of site, and without secondary infection. Numerous observations have shown uniformly not only a concentration of penicillin of the order of I : 1,000 at the site of the lesion, but a constant blood level no less than that obtained by the intramuscular method. If perabrodil is injected along the intramedullary needle, it is found to pass freely through the intercommunicating abscesses of the marrow to reach rapidly the subperiosteal space; we have not only a satisfactory blood level, but a generous local pool of penicillin.
It is not suggested that this intramedullary method should be regarded as standard in osteomyelitis. As in intramedullary saline infusion, the rate of acceptance of the fluid is slow initially, and a suitable speed is reached sometimes only after a few hours of accelerating flow. Moreover, in isolated cases when instillation has been continued for more than a fortnight, a sinus has persisted for a week or two at the site of needling. The method has, however, certaiin advantages: (1) A high local concentration of penicillin is obtained without loss of blood concentration; (2) only the diseased limb need be immobilized; when the intramuscular method is used, and the needle alternates from limb to limb as it must in young patients, the diseased extremity and the penicillin receptor require simultaneous immobilization with consequent increase in nursing difficulties; (3) in infection of such sites as the upper femur, with concomitant joint involvement, a high local concentration of penicillin in the infected joint is presumed; (4) in young children, with small and perhaps wasted muscles, when intramusclular administration evokes swelling and pain, the intramedullary route is kinder.
One problem of administration remains to be solved. We are not satisfied that the intramruscular method as used at pDresent is suitable for very young infants. Whether the continuous drip be employed or the method of repeated injection, abscesses seem to be almost inevitable at some at least of the injection sites. These abscesses have proved sometimes to be sterile, sometimes to be infected with coliform bacilli or even penicillinsensitive staphylococci. The cause of abscess-formation in these infants is still uncertain. Important may be the small bulk of the muscles, the sensitivity of young muscle to chemical irritation, and surface infection by organisms from the napkin area. We have made a practice of immobilizing the lower extremities of young infants by suspension from a gallows frame to ease nursing and reduce faecal contamination of the thighs; we reduce the dose of penicillin and the volume of injected fluid to the lowest possible level; and we choose for infants those proprietary forms of penicillin which seem to be purest and most free from irritant effects: even so, injection abscesses continue, and the only death in my own series has been that of an infant with polyarthritis who developed multiple abscesses while under penicillin treatment. Because of the risk of secondary infection we have not used the intramedullary method in infants.
(c) Supplementary procedures.-When penicillin is given for long enough in adequate concentration, we find no necessity for radical surgery. In my own cases, treated conservativelv, sequestrectomy has never been required, nor has persistent suppuration or sinus-formation occurred. Our surgical intervention has been limited to needle aspiration of the metaphyseal focus at the commencement of treatment, except in two cases, in each of which a subcutaneous abscess required simple drainage at a late stage of the disease, some weeks after its onset. These abscesses presented no communication with the bone, and furnished only a quantitv of clear fluid with golden crystals floating in it. In one instance the fluid was sterile, from the other, penicillin-sensitive Staphylococcus aureus was cultured. In the latter case, the marrow had previously been shown to be sterile, the abscess healed after drainage, and-complete recovery to an ambulant stage followed in a fortnight; the subcutaneous abscess had persisted when the intra-osseous abscess had healed.
In all our patients, the affected limb has been immobilized as completely as possible for so long as it has remained swollen and tender-usually for a week or two after penicillin is stopped. In infection of lower femur and tibia, plaster has been employed for immobilization. Upper femoral infections have been treated by extension in a Thomas' splint. Plaster has been used for infection of the bones of the upper extremity.
In general I am satisfied that the standard treatment of osteomyelitis should include (I) needling of the metaphyseal focus for bacterial diagnosis, sensitivity tests, and relief of tension (the subperiosteal space may be emptied by aspiration at the same time); (2) continuous distant intramuscular penicillin instillation, maintained until the marrow is shown, by repeated metaphyseal aspiration, to be sterile; (3) immobilization; and (4) the simple drainage of subcutaneous abscesses. Our intrametaphyseal route for penicillin administration may be reserved for poorly nourished children to whom the intramuscular method gives pain, and for certain special situations, such as the hip, perhaps, where the joint is concomitantly involved.
(d) Standards of benefit.-(I) Fatality rate: Great care must be taken in the estimate of fatality rates in acute osteomyelitis. The disease varies greatly in severity from time to time, and our data are insufficient for a statistical analvsis. Sometimes years nass in our hospital without a death, and then we have a minor epidemic with a high fatality rate. Yet the results we have seen have been so dramatic-delirious patients recovering Section for the Study of Disease in Childrent 571 in a few weeks and ambulant with their lesions healed in a few months in spite of a positive blood culture, multiple foci of osteomyelitis, and even suppturative pericarditis that the value of penicillin in the acute septicamic form of osteomvelitis seems to be proved. In my series of 14 cases, supplemented by McAdam's 28 cases at older ageperiods, 20 patients have provided a positive blood culture; there have been two deaths.
In one of these, the causative organism was known to be penicillin-resistant. The other was the young infant Nvith staphylococcal polyarthritis, whose death at 5 weeks from multiple abscesses has already been mentioned. Penicillin may well be regarded as a specific cure for septicremia due to penicillin-sensitive staphylococci, except in extreme infancv. Let us hope that the last qualifying clause can soon be omitted.
(2) Delirium: Three of our 14 children were delirious when first seen. All these emerged from delirium after three to four days of treatment.
(3) The temperature is slow in responding to penicillin treatment and returns gradually to normal only after some days. An initial fall to nornmal on the first or second day of treatment is inot unusual, and is always transient. The temperature sometimes rises towards the end of the third week of treatment, but usually falls to normal again abruptly when the penicillin is stopped.
(4) Blood culture, if positive before the beginning of treatment, invariably proves sterile five days after the beginning of treatment, and frequently earlier still.
(5) Metaphyseal infection: By withdrawing dailv specimens of pus from the infected marrow by way of an indwelling intramedullary needle, it has been shown that the marrow cavity becomes sterile in eight to twenty (average fourteen) davs, whether penicillin is given by the local intramedullary or the distant intramuscular route.
(6) Leucocyte count: 'The white count begins to fall much later than the temperature. Indeed, the leucocvtosis diminishes only after the infected narrow is cleared of organisms.
If metaphvseal punticture were not employed to govern the duration of treatment, a falling white count might be taken as an index of marrow clearance, and as a sign that penicillin might safelv be discontinued.
(7) Swelling and tenderness: These have sometimes continued for some weeks after cessation of treatment, swelling outliving tenderness.
(8) Return of function: Weight-bearinig has not been permitted until substantial rieconsolidation is radiologically obvious in the diseased bone. After osteomyelitis of the tibia, weight-bearing has been permitted as early as five weeks, and the patient has shortly afterwards been satisfactorily ambulant. After infection of the upper femur, weight-bearing lhas been necessarily postponed until twelve to sixteen weeks or even more after the onset of the disease. The dangers of early weight-bearing are real; I know of one instance in wvhich patlhological fracture of a humerus was occasioned by too-early movement in bed.
(9) Complications: In my own patients, suclh distant complications as renal infection and lung infection have resolved under general penicillin treatment. Suppurative pericarditis has not occutrred in my personal series, but in one patient of Professor Learmonth's whom I had an opportunitv of seeing, and who suffered from a blood infection and general osteomyelitis, a suppurative pericarditis healed completely with repeated aspiration of pericardial pUS, and penicillin replacement, concurrently with generalized penicillin administration.
Of the local complications, suppurative arthritis has been the most serious. MIy own series includes three cases of suppurative arthritis of the hip proved by puncture. All of these recovered. Two obtained a return of full movement at the hip, and were valking perfectly after twelve and sixteen weeks respectivelv. In the third case, healing was by ankylosis, and the child is now walking well ten months after onset of the disease.
In the previous 9 cases of suppurative arthritis of the hip treated before penicillin in the same charge, 4 died, 4 still require treatment from time to time two to four years after the onset of disease, and only one spent less than eighteen months in a hospital bed.
(10) Relapse: Recurrence has not yet occuLrred in our series, and ouir evidence of marrow sterilitv is so conclusive that we do not expect it. It is well to remember, however, that formerly relapse was a common feature of osteomyelitis, and we have hardly had time to see it vet.
(e) The couirse of the disease as altered by penicillinl. Our conception of the pathology of acute osteomyelitis modified by penicillin administration depends on marrow pLuncture in the initial stages of the disease, and, later, on the radiological appearances. Mlarrow puncture shows clearly that organisms disappear from the metaphysis some fourteen days after the commencement of treatment. Only at this time, or a little before it, do X-ray signs of bone disease appear. The initial sign of an area of translucency in the metaphysis appears now as it did in prepenicillin days. With it there is a thin line of subperiosteal new bone. This new subperiosteal layer, however, increases little in thickness, and a dense involucrum is exceptional. Decalcification proceeds, however, and the shadow of the bone architecture is lost. There is a curious time lag between infection and radiological appearances, and decalcification is maximal some weeks after all infection has disappeared from the marrow. The lack of the dense shadow of a thick involucrum exaggerates the translucency of the shaft, and an infected bone treated by penicillin looks more tenuous and ghostly than an infected bone which is allowed to proceed through its natural and unmodified pathological course. We merely' see more clearly now the radiological appearances which were present in the infected bones in the old days, but were theil masked by the density of the surrounding involucrum. Decalcification seems to be a necessary sequel of bone infection, even when infection is shortlived. Whether the bone lamellae disappear to be -temporarily replaced by granulation tissue, or whether the lamellar structure remains, merely losing its calcium salt, must be a matter of conjecture; yet the reappearance of a normal architecture, completely calcified, sometimes occurs so soon-within two months of complete decalcification -that one is forced to the conclusion that the process of rarefaction is one of decalcification of lamell.e which are themselves left intact. Sequestrum formation has been almost entirely absent in my series. In one case of osteomyelitis of the tibia a tiny sequestrum appears to have formed, so small that absorption seems likely, and surgical interference unnecessary. Massive sequestration of infected bone has been reported in the literature of the penicillin treatment of osteomyelitis, but appears to have occurred only when general penicillin administration has been supplemented by extensive local intervention on the infected bone.
In It is generally known that penicillin is excreted rapidly by the kidneys in the adult and that traces only or no penicillin at all can be found in the blood three hours after an injection of the standard dose of 15,000 units. This applies equally to bigger children.
It is also known that impaired renal function leads to prolonged retention of penicillin in the body. This observation has guided us in our efforts to space pcnicillin more widely in infancy, when renal function is not fully established. Penicillin was given in four-hourly intermittent doses, mainly by the intramuscular route and the dosage calculated on the basis of 1,000 units per pound expected bodyweight in twenty-four hours. The linking of dosage to the expected body-weight is an alteration of Florey's original recommendation for the treatment of infants, and so is the four-hourly spacing. The expected body-weight should be calculated from the birthweight of the infant and its age. This is particularly important in dehydrated infants who need more penicillin than would be given them according to their actual weight. One has not aimed at mathematical precision in working out the dosage, but has chosen the nearest convenient round figure above the calculated dose. Solutions were -always made up in normal saline to contain one dose in I c.c., and injections made to coincide with feeding times which is an obvious advantage of the four-hourly intermittent spacing.
Nearly 200 penicillin estimations were carried out with serum of 57 infants to see whether this scheme of dosage was adequate. Adequate and not optimal dosage was what we aimed at, since penicillin was very restricted in supply. The penicillin levels were carried out by the modified slide method described by Garrod and Heatley [1] which is convenient for use in infants as it requires only 2 to 3 drops of serum.
Bacteriostasis at the end of three and four hours or even after three hours only was considered adequate enough a level in the great majority of cases. No bacteriostasis 60 % of the cases showed complete bacteriostasis at four hours; 18 % were partially bacteriostatic and 22% were not bacteriostatic after three and four hours. The cases in the partially bacteriostatic and non-bacteriostatic groups made equally satisfactory clinical progress as the infants in the completely bacteriostatic group. Of the thirteen non-bacteriostatic cases, eleven recovered completely from their infections and two died; one from bilateral otitis media and mastoiditis, due to Staph. aureus and complicated by nephritis and one from B. coli peritonitis following an extensive staphylococcal cellulitis.
The argument of the less efficient kidney applies to premature infants even more than to full-term ones. Penicillin was therefore given to five premature infants at six-hourly intervals. The serum of all of them was completely bacteriostatic six hours after injection of penicillin.
Methods of administration.-For systemic treatment the intermittent intramuscular route is the method of choice in infancy. It disturbs the infant but slightly if coinciding with feeding times, and the risk of secondary infection at the site of injection is negligible. The continuous intramuscular drip is not recommended in infants because of the likelihood of secondary infection at the site of the needle by excreta. Penicillin was given intravenously in our first cases, every four hours into the rubber tubing near the needle, but an increased tendency to thrombosis of the limb was-noted. This route was therefore abandoned since maintenance of hydration of infants on penicillin is most important. Many infants tend to pass large quantities of urine whilst on penicillin treatment, an observation which has been made repeatedly. They do not gain weight during the course of treatment and their state of hydration has to be watched very carefully.
Local application of penicillin was given in addition when indicated.
(1) In three cases of septic arthritis penicillin was given intra-articularly as well as intramuscularly. Generally one systemic dose every twenty-four to forty-eight hours and sterilization of the joint cavity was achieved after seven days in all cases. No detectable amount of penicillin was present in the joint after forty-eight hours.
(2) In one case of meningitis, due to relatively penicillin-resistant hlemolytic streptococcus, penicillin was given intrathecally to supplement extensive systemic penicillin and sulphonamide treatment. One systemic dose of 4,000 units was injected every twenty-four to forty-eight hours and 1 to 2 units of penicillin were present after twenty. four hours, but no detectable amount after forty-eight hours.
(3) Penicillin was given into the diseased bone cavity in three cases of osteomyelitis every day to start with, and then every two to three days, combined with systemic treatment. Aspirations were sterile after one to two weeks in all the cases. (4) Penicillin was injected into the pleural cavity in one case of empyema.
(5) In several cases of staphylococcal conjunctivitis, penicillin was applied locally in a soltution containing 500 units per c.c. with very great success. infection, and a blood culture taken by the internal jugular vein technique. Cultures were made on suitable media and at the same time penicillin-sensitivity tests carried out by the agar cup method.
If the infant was thought to be likely to benefit from penicillin, treatment was commenced immediately after all necessary investigations had been initiated. Then after one to two days, the position was reviewed in the light of bacteriological results and treatment carried on or discontinued as indicated. This meant some wastage of the drug, but it has paid a good dividend in the long run to start treatment before major damage had been done. This lesson was learnt from the sad experiences at the beginning of the series when penicillin was in very short supply and sulphonamides were given prolonged and often unsuccessful trials before resorting to penicillin.
Complications.-A period of plenty of penicillin is fast approaching and a warning against its unrestricted use in infants may not be untimely. Although penicillin has not given rise to any toxic reactions in our hands, it has in not less than 18 cases out of 54, that is in one-third of the cases, paved the wav for secondary infections, by Gram-negative penicillin-insensitive bacilli.
This does not include cases where Gram-negative bacilli were found in the course of penicillin treatment by bacteriological means only, but did not lead to any actual clinical disease.
B. coli was found ten times, Bact. friedlander five times, Pseudomonas pyocyanea four times and Proteus vulgaris once. Urinary infections, middle-ear and mastoid infections, bronchopneumonia, bacteriaemia and peritonitis were caused by these organisms. These infections have at least contributed to death in six cases. There is some evidence that these Gram-negative bacilli are normally inhibited by staphylococci, streptococci, &c., and that they become uninhibited by the death -of penicillin-sensitive organisms.
For the purpose of evaluating penicillin we have tried to keep clean penicillin cases and added sulphonamides only on evidence of, secondary infection by penicillin-insensitive organisms. In view of the very real danger of secondary infection in infants, we feel justified in recommending combined penicillin-sulphonamide treatment from the very start. On the occurrence of a secondary infection penicillin should not be discontinued unless one can be reasonably certain that the primary infection has been dealt with successfully. In two cases of our early series we have discontinued penicillin after a short course on the discovery of a secondary infection, and at post-mortem we were faced with evidence of continued, severe, primary infection.
Analysis of cases.-A variety of conditions are included in a series of 62 cases, 57 of which were infants under the age of 1 year. The ages of the infants in this disease group varied from 4 days to II %2 months. Two had septic arthritis, one osteomyelitis, others -presented with otitis media, mastoiditis, sepsis of the eye, umbilical sepsis, lung infection, pyoderma, nasopharyngitis and six presented as diarrhoea and vomiting. Fifteen of these cases or 71% made a complete recovery. Of the 6 infants who died I had peniqillin for less than forty-eight hours, 2 for four days only; this was early in our series and prolonged and extensive sulphonamide treatment had been tried unsuccessfully, and the use of penicillin thus delayed. In the 3 remaining infants the bloodstream was cleared of penicillin-sensitive organisms, but in 1 case pseudomonas pyocyanea was isolated from it. At post-mortem an abscess cavity in the heart muscle and bronchopneumonia with lung abscesses were found. Pseudomonas pyocyanea was grown from all these lesions.
Baby J. S., aged 3 weeks, had been circumcised when 8 days old. The wound had become infected, the infant became jaundiced and developed retention of urine. Staph. aureus was grown from the blood-stream, from an abscess on the arm and from the purulent urine. One lung was consolidated. Penicillin was given for eighteen days; 2,000 units four-hourly. After initial improvement the infant developed a spontaneous pneumothorax in the diseased lung and was thought to be beyond hope. Needling of the pneumothorax, however, saved it at this stage. Blood culture became negative on the fifteenth day only. The infant developed an intercurrent B. coli urinary infection which was treated with sulphonamide. In the fifth week the infant had a relapse and a perirenal abscess, growing Staph. aureus, was incised and penicillin given for another eleven days. The infant made an uninterrupted recovery.
In the two cases of Staph. albuis septicxmia the organism was grown from the bloodstream on repeated occasions. It was also grown from the sites of local infection, middle ear in one case, umbilicus, conjunctivx, vagina and skin in the other case. Prolonged courses of penicillin were necessary to sterilize the blood-stream.
(2) Osteomyelitis. Of ten cases with acute osteomyelitis, aged 4 weeks to 7 vears, 1 had a positive blood culture to Staph. aurelis, but 9 had negative blood cultures. In 6 cases Staph. atureus was the organism responsible; in 3 cases X-rav evidence, but no bacteriological evidence could be obtained. In 1 case no X-rav or bacteriological evidence was obtained, that is one month after onset of the disease. A course of systemic penicillin treatment lasted between one and two weeks. Pus was aspirated in 3 cases and replaced by penicillin. Sequestra were removed in 2 cases. 5 cases had systemic penicillin only.
All the children have completely recovered clinically. Five has-e normal X-rays now. that is three to ten months after the illness. Four show sclerosing bone but no definite abscess or sequestrum formation. One case is clinically cured and has shown no abnormalitv of bone in the X-ravs after five wveeks of follow-up.
(3) Conzgenital syphilis. Four cases belonged to this grotup. One child had boeni given full doses of penicillin according to weight from the commencement of treatment. Since the clinical response was favourable in the beginning, followed by a rapid deterioration it was thought that this may have been caused bv too extensive action of penicillin on the spirochietes. and treatment was started in followvilng cases with verv small doses. The course was spread over three weeks, giving the weight equivalent of an adult full course of 2 4 million units. .Baby J. M.-Under penicillin treatment the clinical condition Improved steadily, the rash disappeared, the rhinitis cleared, the liver 'and spleen decreased in size and the W.R. titre fell gradually. Ten weeks after the beginning of treatment, the W.R. was negative, the Kahn 1 plus positive. The X-ray changes -of the bones had cleared up. After seven months the child is clinically normal, its W.R. and Kahn are negative.
DIscuSSION AND SUMMARY Two hundred penicillin-level estimations in serum of infants were analysed and a dosage scheme suggested-1,000 units per pound expected body-weight in twenty-four hours, divided into four-hourly intramuscular doses. The incidence *of Gram-negative bacillary, secondary infections is discussed.
The importance of *adequate bacteriological investigations is stressed and combined penicillin and sulphonamide treatment is suggested pending the results of bacteriological investigations. An analysis of the cases treated emphasizes the prevalence of staphylococcus in serious neonatal infections, and the importance of penicillin treatment in those cases. Good results were obtained in cases of septicaemia and bone and joint sepsis.
A dosage scheme is suggested for congenital syphilis. Early results were encouraging, but follow up for many years will of course be necessary before the value of penicillin can be finally assessed.
A rather mixed group of cases of diarrhoea and vomiting was treated for relatively short periods. Under these conditions, results were not encouraging. This work.was carried out with Drs. W. W. Payne and P. Brand. I acknowledge gratefully the co-operation of the Honorary Medical and Surgical Staff and also the Nursing staff of the Hospital for Sick Children, Great Ormond Street. C. A. Cole, A.I.M.T., gave me valuable technical assistance. Miss Nora Hair kindly helped me in compiling the paper.
